Abstract: We examine the effect of exchange-rate misalignments on competition in the market for large commercial aircraft. This market is a duopoly where players compete in dollardenominated prices while one of them, Airbus, incurs costs mostly in euros. We construct and calibrate a simulation model to investigate how companies adjust their prices to deal with the effects of a temporary misalignment, and how this affects profit margins and volumes. We also explore the effects on the long-run dynamics of competition. We conclude that due to the duopolistic nature of the aircraft market, Airbus will pass only a small part of the exchangerate fluctuations on to customers through higher prices. Moreover, due to features specific to the aircraft industry, such as customer switching costs and learning-by-doing, even a temporary departure of the exchange rate from its long-run equilibrium level may have permanent effects on the industry. Abstract We examine the effect of exchange-rate misalignments on competition in the market for large commercial aircraft. This market is a duopoly where players compete in dollar-denominated prices while one of them, Airbus, incurs costs mostly in euros. We construct and calibrate a simulation model to investigate how companies adjust their prices to deal with the effects of a temporary misalignment, and how this affects profit margins and volumes. We also explore the effects on the long-run dynamics of competition. We conclude that due to the duopolistic nature of the aircraft market, Airbus will pass only a small part of the exchange-rate fluctuations on to customers through higher prices. Moreover, due to features specific to the aircraft industry, such as customer switching costs and learning-by-doing, even a temporary departure of the exchange rate from its long-run equilibrium level may have permanent effects on the industry.
Introduction
This paper examines the effect of exchange-rate misalignments on competition in the market for large commercial aircraft. We focus on the aircraft industry for three reasons. First, it is a big and technologically advanced industry; changes in the market performance of this industry hence have significant effects on the economy as a whole. Second, exchange-rate misalignments have a particularly stark effect on this industry. This is due to the fact that the industry is a duopoly where prices are mostly set in dollars but one competitor, namely Airbus, has costs that are largely denominated in euros. Airbus thus bears the full brunt of euro/dollar fluctuations. In contrast, the other firm, Boeing, is almost completely protected from exchange-rate movements because its costs are mostly in dollars. Third, our estimates of price elasticities and exchange-rate pass-through indicate that market performance in the aircraft industry is quite similar to that of other equipment industries. This suggests that our results will apply, at least qualitatively, to many other industries.
While exchange rate fluctuations have a strong impact on many industries, economists generally adopt a low profile when it comes to exchange-rate forecasting. Indeed, the empirical literature on exchange rates has suffered a long-lasting depression since the celebrated paper by Meese and Rogoff (1983) showing that no macro-econometric model is able to outperform the simple random walk, i.e. that the best prediction of the exchange rate is the present, observed rate. In the long run, however, economic theory as well as econometric techniques do succeed in providing meaningful benchmarks for equilibrium exchange rates. These benchmarks suggest that firms have to deal with long-lasting misalignments. For instance, the half-life of misalignments relative to purchasing power parity (PPP) is thought to be around 4-5 years (Rogoff, 1995) . 1 Consider, for example, German companies. As shown in Figure 1 , these companies often have to deal with 20-30% deviations from PPP that can last several years.
Derivative markets offer extensive hedging instruments against exchange-rate fluctuations. However, the bulk of the market concentrates on relatively short horizons of up to one year. In April 2007, over-the-counter contracts exceeding one year only represented 1.1% of the turnover for eurodollar outward forwards, and 0.6% of foreign exchange swaps (BIS, 2007) . This time horizon is too short to provide protection for exchange-rate misalignments. Longer-term or rolling hedging 1,4 1 9 7 3 1 9 7 5 1 9 7 7 1 9 7 9 1 9 8 1 1 9 8 3 1 9 8 5 1 9 8 7 1 9 8 9 1 9 9 1 1 9 9 3 1 9 9 5 1 9 9 7 1 9 9 9 2 0 0 1 2 0 0 3 2 0 0 5 2 0 0 7 dollars per euro
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contracts are exceedingly costly, so hedging does not solve the exchange-rate problem of firms.
The aircraft industry provides a good example of how hard firms may be hit by exchange rate movements. To quantify this impact we construct a simple simulation model of the Airbus-Boeing duopoly. In particular, we use this model to examine how companies adjust their prices to deal with the effects of a temporary misalignment, and how this affects profit margins and volumes and, ultimately, the dynamics of competition.
The main results of our analysis are as follows. First, for realistic values of price and cross-price elasticities, exchange rate misalignments have strong impacts especially on profit margins. Even by dampening the effects of the exchange rate appreciation for the consumer by reducing its price cost margins, Airbus will manage to only slightly limit the induced decrease in output and profits.
In our central scenario, Airbus is likely to absorb most of the exchange-rate movement itself rather than passing it on to customers. Still, its operating profits in dollars are reduced by more than 40% while output is reduced by one fourth. Second, even short-run misalignments may have significant long-term consequences due to several features of the aircraft market, including customer switching costs and learning effects in production.
The paper is organized as follows. In Section 2 we characterise the market structure and provide price elasticities and pass-through coefficients for the aircraft industry. In Section 3 we report the results of our simulation model concerning the effects of exchange rate changes on prices, outputs and operating profits in the aircraft industry. Section 4 concludes. The Appendix contains details of the simulation model.
The Structure of the Aircraft Market
In this section we study the aircraft industry in detail at the product, market segment and destination market level, and by exporter in order to identify the idiosyncrasies of this sector and its sensitivity to cost and price changes. For this purpose, we use the database BACI constructed by the CEPII, which provides bilateral flows as well as unit costs for 5,000 products being traded between more than 200 countries, from 1994 to 2004.
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The aircraft industry is highly concentrated at both the firm and the country level. At the firm level we have a duopoly (for the major segments of the market) or a highly concentrated oligopoly (for the remaining products). At the country level only a few exporting countries account for the bulk of worldwide production. Table 1 presents the market shares of France, Germany, the United States and other potential competitors in the market for "big aircraft". The EU25 market is excluded from the table in order to erase the impact of the intra-European division of labor within
Airbus. To the extent that Airbus has a higher market share than Boeing on the European market, this leads to downsizing European market shares in this table.
We observe a clear pattern of duopoly, provided that Airbus aircrafts can be exported from France or Germany. On OECD markets, the market shares of the duopolists vary quite substantially over time, without exhibiting a clear pattern. By contrast, Boeing is clearly losing market shares on emerging markets. This is not to the benefit of Airbus only, since the competitive fringe, represented here by Russia, managed to reap 6 percentage point of the emerging markets during the last period considered here. Other potential competitors from the emerging world include Brazil (on OECD markets only) and China.
2 See www.cepii.fr/anglaisgraph/bdd/baci.htm. BACI draws on United Nations COMTRADE trade data base. Import and export flows are reported annually by 130 countries to the United Nations in values and quantities at the HS6 level. Original procedures are developed aiming at providing the most disaggregated and rigorous trade database for the largest possible number of countries and years, with a special care in the treatment of unit values. We are indebted to Rodrigo Paillacar for his research assistance with BACI. 
Price Elasticities
An important indicator of market structure is the price elasticity of demand. Here we rely on price elasticities estimated at the HS6 level for 21 distinct markets for the 1994-2003 period.
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The estimation technique is derived from Feenstra (1994) , and Broda and Weinstein (2004 If we concentrate on the core market segment of Airbus and Boeing -big aircraft-we find relatively standard elasticities on most OECD markets: a 1 percent price increase leads to a 2 to 6 percent reduction in the volume of sales (Table 2) . Although comparable to other sectors of professional equipment, 5 these elasticities mean that a 10 percent appreciation of the euro, if completely passed on to export prices, would reduce Airbus sales by 20 to 60 percent in volume and 10 to 50 percent in euro-denominated value, which is obviously very large. Furthermore, price elasticities are found to be even larger in emerging markets: estimated elasticities exceed 10 in
Mexico and Brazil, and they are found to be even higher in Russia, India, and China. However, these very high figures may well be over-stated, because on these new markets, volume growth is very high and may be spuriously attributed to price variations, especially since the time-span is limited. In the next section, we retain price elasticities ranging from 2 to 8, which corresponds to mature markets.
These high price elasticities imply that exchange-rate variations have potentially strong effects. This is because a high elasticity leads to a large reaction of demand to price changes. Still, it also means limited price-cost margins, and hence limited capacity to dig into the margins to finance limited pass-trough in case of a home-currency appreciation. This is all the more the case on emerging markets, where new fleets are being set up, or where airlines have the choice to resort to the second-hand market.
Pass-Through
In order for exchange-rate variations to be completely passed through into prices of imported goods, export prices (expressed in the exporter's currency) must not react to currency changes. However, producers may absorb part of the exchange rate variation in which case there will be incomplete pass-through.
A simple presentation of what is at stake is as follows. Denoting by P ijkt the price of product k sold by country i on market j at time t (denominated in i's currency), by COST ikt the marginal cost of producing this good, by S ijt the bilateral real exchange rate (a fall in S ijt denotes an appreciation of i's currency), and by Z jkt the importer's specific features of sectoral demand at year t, one should simply regress:
However, since costs and demand patterns are unobservable at this product level, they must be replaced by fixed effects. (Table 3 ). The median estimate is 14 percent, meaning that, for the median product-exporter-importer, a 10 percent appreciation will result in a 1.4 percent reduction in the export price expressed in the exporter's currency, i.e., in a 8.6 percent increase in the export price expressed in the importer's currency. Hence, there is relatively high pass-through for the median product-exporter-importer. The estimate for the upper quartile of the distribution is 33 percent, which still suggests a relatively large pass-through. Lastly, we observe a huge heterogeneity of estimates across headings at the most detailed level of the classification of products. A lot of b ijk are not statistically different from zero: so the evidence of pricing to market 6 Cost is replaced by three-way fixed effects, while Z is replaced by two-way fixed effects (importer and product only) in . is far from systematic or at least cannot be ascertained on the basis of the available statistics.
For the aircraft industry, the empirical results found are highly volatile and unreliable, perhaps due to the long delays between orders and deliveries. 7 In the following, we derive optimal pass-through coefficients from profit maximization given different values of price elasticities and accounting for the oligopolistic structure of the market.
Competition and Exchange-Rate Variation
In this section we examine the consequences of a (temporary) depreciation of the U.S. dollar against the euro for the competition in the aircraft industry. There are two ways to proceed. From a euro perspective, the dollar depreciation implies a reduction in Airbus's revenues and the value of orders.
From a dollar perspective the depreciation leaves revenues unchanged but raises Airbus's costs. For our analysis it turns out to be convenient to adopt the second perspective: Airbus and Boeing compete in dollars, and Airbus faces an increase in its production costs.
Isolating the true effect of the dollar weakness on Airbus is a challenging task for two reasons.
First, one has to estimate the effect of factors unrelated to the exchange rate. Second, one has to estimate what the aircraft market would have looked like without the exchange-rate movement.
This is necessary because both Airbus and Boeing adjust their corporate strategies to changes in the exchange rate. The dollar depreciation, in other words, alters the structure of competition in the market. We hence set up a simulation model of the aircraft market that helps us evaluate the exchange-rate effect on the market equilibrium.
We develop our arguments in two steps. In a first step, we examine the market under the assumption that the exchange rate shock is permanent and hence causes permanent shifts in pricing strategies, market shares and profits. This scenario provides us with a simple benchmark against 7 Also note that the present analysis is based on unit values of trade, not on genuine price series.
which we can compare the effects of temporary exchange rate shocks. Examining such temporary shocks and their effects on intertemporal pricing strategies and market adjustments constitutes the second step. Throughout both steps we assume that Airbus and Boeing are in a stable duopoly in which no company leaves the market and there is no threat of entry by new rivals. Competition takes place mostly in prices. That prices are the main competitive instrument in the aircraft industry is also suggested by the apparently widespread use of price discounts and generous financing options for airlines (Irwin and Pavcnik, 2004) . We hence concentrate our analysis on changes in price competition between Airbus and Boeing.
Benchmark: Permanent Exchange Rate Shocks
Consider a permanent dollar depreciation that raises Airbus's production cost relative to Boeing's.
If Airbus did not have to worry about competition from Boeing it would optimally react to an increase in its production costs by raising the prices of its products so as to pass on part of the cost increase to its customers.
The decision-making problem for Airbus is obviously more challenging, since Boeing will adjust its own prices in response to Airbus's price changes. Any price change by Airbus affects demand for Boeing aircraft and vice versa. With a positive cross-price elasticity, any price change by Airbus triggers a reaction by Boeing. Specifically, Airbus can expect its rival to follow suit with a price increase but not to raise prices by the same percentage. In other words, Airbus should expect to lose some market share to Boeing.
To illustrate the effects of the dollar depreciation we construct a simple duopoly model of the market for Airbus's A320 aircraft family and Boeing's 737. This model allows us to simulate the effects of exchange-rate changes on the prices, outputs and operating profits of the A320/B737 segment, based on profit-maximizing producers. See the Appendix for details of the model.
We simulate the effects of a 10% appreciation of the euro against the dollar on the prices, outputs and operating profits of Airbus and Boeing. Table 4 reports the percentage changes in prices, outputs and operating profits for different values of the price elasticity of demand and the cross-price elasticity of demand. 8 These values are computed assuming that all of Airbus's costs 8 The reported values of the elasticities are used to calibrate the parameters of the demand functions in the initial equilibrium. In the simulations we hold the demand parameters constant, but allow elasticities to change. See the Appendix for details of the calibration procedure. are in euro. If, for example, only 80% of costs are in euro and the rest in dollar, then the changes in prices and outputs are only 80% of those reported in the table.
In the base case (in bold in Table 4 ), we use a price elasticity of 6 and a cross-price elasticity of 1.5. In this scenario, demand is very sensitive to changes in one's own price. However, demand
is not very sensitive to changes in the competitor's price. Correspondingly, price adjustments by
Airbus have a strong effect on its own output and operating profit, but weak effects on Boeing's output and operating profit. The results are reported in Column 4 of Table 4 : a 10% appreciation of the euro (equivalent to a 10% increase in Airbus's dollar-denominated marginal cost) implies that the price of an A320 family aircraft rises by 4.2%. That is, it is a profit-maximizing strategy for Airbus to pass less than half the exchange-rate-induced cost increase on to customers. Boeing raises the price of its 737, too, namely by 0.5%. The small magnitude of Boeing's price adjustment is due to the small cross-price elasticity of demand.
The price changes have strong effects on output. Sales of A320 family aircraft fall by 24.6%, whereas sales of 737s increase by 3.2%. Airbus's operating profits for this aircraft family decrease by 43%, those of Boeing go up by 6.5%. The profit-maximizing adjustment to the exchange-rate movement can be contrasted with the change in operating profit if Airbus did not adjust its price.
In the absence of price changes output remains constant. The decrease in operating profit therefore reflects only the increase in production costs. The result is reported in the last line of Table 4 . For the base case the operating profit without price adjustment falls by 50%.
The price and output effects of the dollar depreciation depend crucially on the capacity of Airbus to absorb part of the shock and preserve its sales, and on the reaction of Boeing to the change in the price of its competitor. The first issue relates to the price-cost margin of Airbus: a larger price-cost margin leaves more room for adjustment. It turns out that the price-cost margin is determined only by the price elasticity of demand since the number of competitors is fixed by assumption. Hence, the larger the own-price elasticity of demand, the smaller the price-cost margin and the lower the room for cutting margins to preserve volumes. Hence the higher the own-price elasticities, the higher the incentive to pass on the exchange-rate shock to the consumer. The second issue relates to cross-price elasticities of demand. The larger these cross-price elasticities, the larger the shift of demand from Airbus to Boeing for a given price increase by Airbus. Thus, the larger these crossprice elasticities, the more Boing will be in position to increase its price as a reaction to Airbus own price increase.
As an illustration we can check in Table 4 that reducing the price elasticity to 4 (leaving the cross-price elasticity unchanged at 1.5), implies that a 10% increase in the dollar-denominated marginal cost triggers a smaller price increase by Airbus (3.9% instead of 4.2%). Airbus's output drops much less (by 14.5%). As far as the decline in Airbus's operating profit is concerned, the right comparison to be made is with the benchmark case without price adjustment. With a price elasticity of 6, the price adjustment allows Airbus to salvage 7 percentage points of profits (i.e., profits decrease by 43% compared to a 50% loss otherwise). With a less elastic demand, Airbus can afford to salvage only 3.2 points of its profits; we should indeed keep in mind that these figures apply to different amounts of profits in both cases.
The last two columns of Table 4 examine the effect of changes in the cross-price elasticity starting from the base case reported in Column 4. Raising the cross-price elasticity from 1.5 to 3 implies that a price increase by Airbus shifts more demand to Boeing. This allows Boeing to raise its price while significantly raising its output and operating profit. The stronger price increase by Boeing dampens the effect of the euro appreciation on Airbus's output and operating profit.
To summarize, the depreciation of the dollar forces Airbus to raise prices and cede market share to Boeing. The scope for price increases is determined by the price-cost margin of Airbus, namely its capacity to absorb the shock and preserve its sales. How strong Boeing's price reaction is and how much it benefits from Airbus's price increase depends on the cross-price elasticity of demand.
If it is large, any price increase by Airbus will shift a large amount of sales to Boeing. The latter firm will accordingly raise its price by more and still gain considerable market share at the expense of Airbus, leading to a strong increase in Boeing's operating profit.
Permanent Effects of Temporary Exchange Rate Shocks
An analysis in terms of equilibrium exchange rates suggests that the dollar weakness may only be temporary. However, even temporary exchange rate shocks are likely to have long-term effects on prices, outputs and profits. This is due to several features of the aircraft market that imply that today's pricing decisions affect future market shares and hence also future prices. Pricing decisions, in other words, are intertemporally linked, and Airbus has to take this into account when deciding how to adjust to the dollar depreciation. Our analysis in the previous section has to be modified to account for this fact.
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There are at least two features of the aircraft market that induce an intertemporal link in pricing decisions. First, some customers face considerable costs when switching between alternative aircraft suppliers. Among the reasons for this are that there are considerable costs involved in retraining pilots, crew, and maintenance personnel when purchasing aircraft from a different producer. Airlines operating aircraft from a single manufacturer, on the other hand, enjoy considerable advantages of commonality. Switching costs imply that a firm that attracts customers today will have a larger demand base in the future. On the other hand, a firm losing customers today because of high prices may have a hard time winning them back in the future unless it sharply reduces its price.
Second, the production especially of new aircraft generates significant learning effects. Some estimates of the learning elasticity for newly developed aircraft are as high as 0.2, meaning that a doubling of output reduces costs by 20% (see Klepper, 1990) . A recent study by Benkard (2004) suggests that a doubling of experience leads to a 36% reduction in labor input requirements.
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In the presence of learning-by-doing, a price increase reduces output, thereby slowing down the learning process. Slower learning means greater production costs in the future. These inflated production costs, in turn, imply higher future prices and a smaller market share. Price increases today are therefore self-propagating. Reacting to a temporary exchange rate shock by raising prices would lead to a permanent loss of market share to Boeing.
The link between today's prices and future market share generates a trade-off between current and future profits. Airbus can respond to a temporary exchange-rate shock by raising prices to maximize current profits. This, however, tends to lower future profits, because high prices today reduce future market share and/or lead to higher future production costs. Alternatively, Airbus can give up current profit by keeping prices lower. This raises future market share and/or lowers future costs, thereby driving up future profits.
Two considerations determine the optimal intertemporal trade-off. The first is by how much future earnings are discounted relative to current ones. This is a question of which discount rate is used to compute the present value of the company's expected profit stream. The second consideration concerns the expected movement of the exchange rate. A temporary dollar depreciation followed by an appreciation decreases the euro value of today's profits relatively to the euro value of future profits. Hence there is an incentive to keep prices and profit margins lower today to raise future profits.
Switching costs are a key determinant of the price and cross-price elasticities of demand. The more existing customers are locked into Airbus products, the less sensitive they are to price increases and the less likely they are to switch to Boeing. Both the price and cross-price elasticities of these customers are likely to be small. Hence there is an incentive to charge these customers high prices.
The story is different for new customers that have not yet made a choice between Airbus and
Boeing. These customers will anticipate that in future they will face switching costs and possibly rising prices for services and replacement aircraft. They will therefore be quite sensitive to current prices. That is, their price and cross-price elasticities will be high. Airbus and Boeing both face an incentive to offer low prices to attract these customers.
Our data analysis in the previous section revealed striking differences in price elasticities across regions, with elasticities typically being much higher in emerging markets, such as China and India, than in the industrialized countries. Such differences would be consistent with a higher ratio of new to existing customers in emerging markets compared to industrialized countries. If this is indeed the case, Airbus may be able at least indirectly to price discriminate between new and old customers, namely by offering customers in emerging markets more favorable terms.
Incidentally, it is exactly the new products where learning-by-doing is important that should exhibit large price elasticities due to the fact that customers will anticipate future switching costs.
For example, an airline purchasing the A380 rather than Boeing's 787 thereby commits to a hub-andspoke system rather than a system supporting a larger number of direct, smaller-volume connections between airports. Hence there are two interrelated reasons why Airbus may choose to keep prices for such products low despite a temporary shock to production costs, namely to facilitate learning and to compete for customers that will then be locked into the product.
The bottom line of this section is that even temporary exchange rate shocks tend to have permanent effects on prices, market shares and operating profits in the presence of switching costs and learning-by-doing. Airbus may react to a temporary depreciation of the dollar followed by a medium-term appreciation by raising prices less than indicated by short-run profit maximization.
By keeping prices low today, Airbus can secure a higher future market share and then benefit from a future appreciation of the dollar. The optimal trade-off between lower current and higher future profits depends on the discount rate and exchange-rate expectations.
Conclusions
Exchange rates are known to be very volatile. Furthermore, departures of the exchange rate from "long-run equilibrium" are generally long-lived. This translates into major cost shocks for those companies suffering from a currency mismatch between revenue and cost. In this paper, we studied the implications of large, although temporary, deviations of the exchange rate in a duopoly case where one company suffers from such a currency mismatch.
First, price-elasticities of aircraft exports at the detailed level ("big aircraft") are used to calibrate a simple, static model of optimal pricing in the Airbus-Boeing duopoly. The aircraft industry is perfectly suited for this exercise because it perfectly fits the scenario where one firm suffers from a currency mismatch. We showed that the best response to a cost-push appreciation of the home currency is to contract current profits by limiting the pass-through to export prices to less than 50%. The rationale behind this strategy is that any rise in one firm's price leads to an important contraction of its sales. This strategy is even reinforced when the temporary character of the exchange-rate shock is accounted for. This is because customers face switching costs when they move from one supplier to the other, and because the production of an aircraft exhibits significant learning effects. Sacrificing current profits allows a firm to maintain its market share, hence to continue to enjoy learning economies while attracting new customers. In the next period, when the exchange rate comes back to its "long-run equilibrium" value, the firm will enjoy lower costs (due to learning economies) as well as higher demand (thanks to new customers being locked in), compared to a strategy of high pass-through of the exchange-rate shock. This is all the more important since the dynamics of the market are driven by new airline companies, especially in emerging countries, whose decisions today will have long-lasting effects.
Still, the intertemporal strategy of sacrificing current profit in exchange for higher future profits is very risky, since it is hard to predict how long an exchange-rate misalignment may last. Two additional factors tend to increase the risk. First, a potential problem of compressing margins today is that it may make it more difficult to finance R&D spending, specifically the development of new products. This weakness may be used by the competitor to speed up its own R&D. Hence, a tradeoff needs to be made between the "current-business" view that urges not to pass exchange-rate appreciations on to export prices, and the "innovation" view that stresses the needs to maintain the R&D capacity of the firm over the exchange-rate cycle. In principle, the financial market should help to alleviate this trade-off.
Second, a misalignment raises the likelihood that a new producer may enter the market, if the exchange-rate shock leads the incumbent firms to raise prices. Higher market prices for aircraft make entry, for instance by China, more profitable. The threat of entry strengthens the case for little exchange-rate pass-through in the short and medium term, provided that this helps deter entry. However, if entry cannot be deterred, short-and medium-term pass-through should be higher, because future profits are reduced by entry.
Appendix: The Simulation Model
Competition between Airbus (firm A) and Boeing (firm B) is modelled as a linear price competition game between the A320 family and Boeing's 737. These aircraft are treated as differentiated products with symmetric price and cross-price elasticities of demand. The demand functions are given by:
The demand parameters α i , β i and γ i , i = A, B, are assumed positive and constant, so that demand for each product is decreasing in its own price and increasing in the price of the competing good.
The operating profits are
where θ is a shock on the euro/dollar exchange-rate, θc A and c B denote Airbus's and Boeing's marginal costs in dollars. Initially, θ is set to unity so that θc A = c A . Then, an appreciation of the euro against the dollar translates into higher marginal cost for Airbus (θc A > c A ) whereas the marginal cost of Boing remains constant at c B .
Taking the derivative of each profit function with respect to the own price yields the firms' bestresponse functions. From these best responses we can compute the following equilibrium prices:
Using (6) and (7) in (2) and (3), as well as in (4) and (5) yields equilibrium outputs and operating profits. Table 4 . The same procedure applies to the other parameters of the demand functions, which we compute using the reported price and cross-price elasticities of demand. In the simulation we hold the demand paramters constant.
Calibration
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Estimates of price and cross-price elasticities in the aircraft market are drawn from the previous section and from Irwin and Pavcnik (2004) . For the period 1994-1998, the latter report a price elasticity for wide-body aircraft of just under 8. Additionally, Irwin and Pavcnik report cross-price elasticity values of around 1.5. Using trade data at the HS6 level, we found price-elasticities for mature markets of "big airplanes" ranging from 2 to 6, which is lower than the estimate by Irwin and Pavcnik. The latter, too, find the price elasticity for narrow-body aircraft like the A320 to be smaller than 8. Moreover, due to increased market concentration following the merger between Boeing and
McDonnell Douglas in 1997, the market has become more concentrated. A price elasticity of 8 hence appears excessive. In our basic scenario we therefore assume a price elasticity of 6. As a robustness check, we also simulate results for higher and lower values of the elasticity.
Since Airbus and Boeing have multiple product lines, they can be expected to coordinate price adjustments across these lines. For example, when setting its price for the A320, Airbus should take into account that a unilateral increase in price may induce customers to shift demand not just to Boeing but also to Airbus's own A330/340 family. However, the cross-price elasticities across product lines reported by Irwin and Pavcnik are very close to zero. We therefore set them to zero in our simulation.
Production cost data are not available. We therefore infer marginal production costs from prices 11 Quantity data are taken from the companies' annual reports. Prices are rough estimates based on industry reports. 12 Note that the values of the price and cross-price elasticities that are used to compute the demand parameters apply only around the initial equilibrium. Due to the linearity of the demand functions, the elasticities change as prices rise or fall. For instance, a constant β A translates into an increasing A when the price increases. This implies that a price increase tends to lower the mark-up and raise the degree of pass-through. and elasticities. The marginal cost, i.e., the cost of producing one more aircraft, is assumed to be constant up to the capacity limit. This is consistent with the fact that the A320 and B737 are Finally, the α i are set so that the right-hand sides of (6) and (7) match the assumed 2006 prices for θ = 1.
Simulation
Using the calibrated cost and demand parameters we can now carry out simulations to compute the impact of an exchange-rate shock on prices, quantities and operating profits. This is done by using different values of θ in the Nash equilibrium price equations and the computing the respective outputs and profits. We examine the robustness of these results by using different values for price and cross-price elasticities.
The simulation is carried out by computing the aircraft prices of Airbus and Boeing in the Nash equilibrium for each possible value of the exchange rate. These prices maximize each firm's respective profit given the rival's price. Given these prices we can calculate outputs and profit margins. The linearity of the model has the convenient feature that exchange rate effects on Nash equilibrium prices and corresponding outputs are also linear. That is, a 20% appreciation of the euro against the dollar has twice the effect on prices and output as a 10% appreciation. Effects on operating profits, defined as the excess of price over marginal cost times output, are quadratic. A 20% appreciation of the euro therefore has less than twice the effect on Airbus's operating profit as a 10% appreciation. Conversely, the same 20% appreciation of the euro has more than twice the effect on Boeing's operating profit as a 10% appreciation.
